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SiO 2 ) and trace element (Cd, Co, Cu, Fe, Mo, Ni, Pb, V and Zn) loadings were 38 systematically assessed along the coast of Majorca Island, Spain.. Groundwater, Ra, 39 nutrient and metal fluxes were assessed in a general survey around the island and in three 40 representative coves during 2010. We estimated that brackish water discharges through 41 the shoreline are important contributors to the DIN, SiO 2 , Fe and Zn budgets of the 42 nearshore waters. Furthermore, our results showed that SGD-derived elements are 43 conditioned by the hydrogeological formations of the aquifer and discharge type. Thus, 44 while rapid discharges through karstic conduits are enriched in SiO 2 and Zn, the large 45 detrital aquifers of the island typically present enhanced concentrations of Fe. The 46 estimated total annual inputs of chemicals constituents discharged by SGD to the coastal 47
Introduction 55
The distribution and abundance of phytoplankton biomass and net primary 56 production in the ocean is regulated by the availability of light and nutrients (mainly N, P, 57 Fe), by physical processes of ocean circulation, mixed-layer dynamics, upwelling, 58 atmospheric dust deposition, and the solar cycle 1 . The net primary production in the open 59 waters of the Mediterranean Sea is primarily regulated by nutrient supply through vertical 60 mixing 2 . Conversely, in the coastal waters and more particularly, in the nearshore waters 61 of this oligotrophic sea, a large proportion of the marine productivity is regulated by the 62
With the aim of comparing SGD fluxes from different settings, we divided the 124 Majorca coastline in (1) the limestone and calcarenite aquifer discharging diffusively 125 through sedimentary areas in small coves along the coast (Coves), (2) the limestone and 126 calcarenite aquifer discharging preferentially through natural conduits originated from 127 rock fissuration or karstification (Karst) and, (3) the larger detrital aquifers discharging in 128 the large Bays (i.e. Palma, Pollença and Alcudia Bays, Figure 1C Santanyí and Romàntica are small coves where groundwater discharges to the sea are 138 dominated by diffusive discharge through their sedimentary beaches, whereas Sa Nau is a 139 very narrow cove in which brackish groundwater emanates through a submerged conduit 140 located at some 30 meters from the shoreline. At each site, an onshore-offshore transect 141 consisting in 8 to 11 points was sampled from a rubber boat to characterize the 142 biogeochemical signal of the groundwater discharge. Surface samples were collected for 143 the analysis of Ra, nutrients, trace metals and chlorophyll concentrations (Chl-a). Profiles 144 of temperature and salinities down to the bottom were obtained with a CTD logger (RBR 
The groundwater fraction (f SGD ) in coastal waters can be determined by using the 2-end 206 member mixing model detailed in the following equations 32,33 : 207 trace metal fluxes at the selected coves were determined by multiplying the Ra- respectively) and somewhat lower at Santanyí (r 2 =0.61). The discharge signal was 237 generally restricted to the waters confined within the cove and rapidly vanished to 238 undetectable salinity anomalies and 224 Ra values less than 5 dpm·100L -1 in the shelf 239 waters stations. These activities, although low, are higher than those recorded in previous 240 studies 9 and in shelf water stations ( 224 Ra <3 dpm·100L -1 ; Table 1 ). Most intense salinity 241 variation occurred at Sa Nau were salinity decreased more than 1.2 units. 242
Salinity measurements of interstitial water at the beachface were indicative of 243 brackish water circulation through the sediment, ranging between 10.9 and 33.7 at 244 Santanyí and 17.8 and 32.4 at Romàntica (Table S1) . 224 Ra measured in porewater at 245
Santanyí and Romàntica coves (33.8 -251.0 and 104.6-150 dpm·100L -1 , respectively) 246 were considerably enriched with respect to the activities measured in the seawater at each 247 location (Mean ± SDV; 7.2 ± 1.6 and 7.8 ± 3.2 dpm·100L -1 at Santanyi and Romántica, 248 respectively). Sa Nau presented a different pattern, with interstitial 224 Ra activities (23.1 249 dpm·100L -1 ) comparable to the range measured in cove seawater (Mean ± SDV; 29.0 ± 250 18.4 dpm·100L -1 ). This lower activity in porewater cannot explain the Ra in the cove 251 suggesting that diffusive SGD inputs through the beachface were not the dominant Ra 252 source at this site. A visible karstic conduit discharging waters with lower salinity (i.e. 253 35.9) and 224 Ra activities exceeding 58 dpm·100L -1 was most likely the main 254 groundwater pathway to the cove seawater. , PO 4 3-, and SiO 2 ) and metals (except 256 Mo) in the interstitial waters of the three coves were larger than those in seawater (Table  257   S1 ). As a result of SGD, nearshore DIN and SiO 2 concentrations reached maximum 258 values of 13.5 µM (Mean ± SDV; 6.6 ± 5.5 µM) and 22.3 µM (Mean ± SDV; 8.2 ± 8.6 259 µM) at Sa Nau cove, respectively. Conversely, interstitial waters concentrations of PO 4 3-260 and other metals such as Cd, Co, Cu, Ni and Pb were comparable to those in the outer 261 stations at all the studied coves, even for the Sa Nau karstic site, revealing that either 262 SGD is not a major source of these compounds or, particularly in the case of PO 4 3-, that 263 released concentrations are low and most probably rapidly consumed by the microbial 264 and macroalgal communities in the cove. The lack of enrichment of these compounds in 265 nearshore waters prevents estimating the SGD-derived inputs of these constituents using 266 the approach developed here. On the other hand Fe and Zn were enhanced in nearshore 267 waters allowing the calculation of their SGD-driven fluxes from the trend described by 268 their concentrations in cove waters plotted against salinity (see methods). 269
Concentrations of inorganic nutrients (DIN
Comparison of the SGD-driven fluxes in the three systems studied and Palma 270 Beach 10 are presented in Table 2 . SGD discharging through karstic conduits (Sa Nau) 271 represents a major supplier of nutrients (DIN and, particularly, SiO 2 ) to the coastal sea, . Aside from the differences between karstic and detritic discharge, 291 anthropogenic factors should also be taken into account in this comparison. Indeed, the 292 high SGD-derived DIN inputs from large detrital bays can be attributed to aquifer 293 contamination produced by intensive agricultural practices in those areas. 294
Coastal water characterization 295
The coastal stations of the survey around Majorca were classified in three clusters 296 (karst, coves and bays) according to coast geomorphology and SGD chemical properties. 297
The main challenge was separating areas of SGD through karstic conduits (karst) from 298 diffusive discharges (coves), as most karstic conduits in Majorca discharge below the sea 299 surface. Based on the results of the previous section (cove surveys), the karst stations 300 were identified from their lower salinity (<37.5) and high silicate concentration (>2 µM)in seawater ( Figure S1 ). As shown in Figure 1 , karst stations are distributed along the 302 coasts of the two mountain ranges bounding the NW and SE coast of the island. All the 303 stations where groundwater fluxes from fractures and karstic conduits discharging above 304 the sea level were visually identified are clustered as karst stations, reinforcing the 305 appropriateness of the criterion used. Station 25, which it is not in a karstic area but was 306 affected by surface water flow, is also clustered as karst station under this criterion. 307
The mean and range of all variables analyzed are presented in Table 1 (Table S1) 
